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HPQCD Collaboration

bouchard.18@osu.edu
We discuss our ongoing effort to calculate form factors for several B and B s semileptonic decays. We have recently completed the first unquenched calculation of the form factors for the rare decay B → K . Extrapolated over the full kinematic range of q 2 via model-independent z expansion, these form factor results allow us to calculate several Standard Model observables. We compare with experiment (Belle, BABAR, CDF, and LHCb) where possible and make predictions elsewhere. We discuss preliminary results for B s → K ν which, when combined with anticipated experimental results, will provide an alternative exclusive determination of |V ub |. We are exploring the possibility of using ratios of form factors for this decay with those for the unphysical decay B s → η s as a means of significantly reducing form factor errors. We are also studying B → π ν, form factors for which are combined with experiment in the standard exclusive determination of |V ub |. Our simulations use NRQCD heavy and HISQ light valence quarks on the MILC 2 + 1 dynamical asqtad configurations. 
B → K
The b → s FCNC associated with this decay probes new physics. Such processes have recently received significant theoretical [1] and experimental [2] attention with future scrutiny planned at LHCb and BelleII. In [3] we reported on the first unquenched lattice calculation of the form factors for B → K and in [4] explored the Standard Model (SM) implications. This section outlines the approach and results of these works. Other unquenched lattice works are currently underway [5, 6] .
Setup and simulation
The SM V − A interaction leads to hadronic vector matrix elements. In the B rest frame
K is the four-momentum transferred to the leptons. The phenomenologically relevant form factors f 0,+ are related to f ,⊥ by
3)
Generic new physics is characterized by the addition of a tensor current and associated form factor
We simulate with the MILC 2 + 1 asqtad gauge configurations [7] shown in Table 1 . We use valence NRQCD [8] b quarks, tuned in [9] , and HISQ [10] light and strange quarks, propagators for which were generated for [11, 12] . 
Correlator fits and matching
Values of lattice matrix elements are extracted from two and three point correlation function data via Bayesian fits [13] . Correlator data in the fits includes local and smeared B mesons, four momenta Lp K/2π ∈ {000, 100, 110, 111}, three currents V 0 , V k , and T µν , and the B meson and kaon temporal separations of Table 1 . Two and three point data are fit simultaneously and correlations among form factors at different momenta and for each current are determined. Two point fit parameters are verified to be consistent between simultaneous fits and fits to just the two point data. Kaon fit results are found to satisfy the dispersion relation to O(α 2 s a 2 ). Lattice values of the matrix elements are matched to the continuum MS scheme through O(α s , 1/(am b ), Λ QCD /m b ) using massless HISQ, one-loop lattice perturbation theory [14] .
Chiral-continuum and kinematic extrapolations
The extrapolation to physical light quark mass is performed using NLO chiral logs for f ,⊥ from PQχPT [15] . We account for discretization (and taste breaking) effects via generic O(a 2 ) and O(a 4 ) mass independent, light quark mass-dependent, and heavy quark mass-dependent discretization terms and include NLO and NNLO chiral analytic terms. The fit ansätze for f 0,+ are written in terms of f ,⊥ and the ansatz for f T is based on f ⊥ .
Results of the chiral/continuum extrapolation are used to generate data points and a covariance matrix for subsequent extrapolation over the full kinematic range of q 2 . This extrapolation is performed using the model-independent z expansion [16] with BCL parameterization [17] 
where i = +, T . Poles are removed by the Blaschke factor
Results of the two-step extrapolation are consistent with those obtained using the modified z expansion [11, 12] . Final form factor results, including an additional 4% systematic error due primarily to matching, are plotted in Fig. 1 . Ref. [3] provides a graphical error budget using methods outlined in [18] . Figure 2 : Standard Model differential branching fraction predictions and experiment for B → K .
Phenomenology
Using the form factor results, Wilson coefficients, and other input parameters, we calculate in [4] the SM differential branching fraction dB (B → K )/dq 2 over the full range of q 2 and in experimentally motivated q 2 bins. Fig. 2 compares our results to experiment for light dileptons ( = e, µ) and shows our prediction for the ditau final state. We note the observation of a new cc resonance [19] , believed to be the ψ(4160), will likely modify the future choice of q 2 bins at small recoil (large q 2 ). Ref. [4] also calculates ratios of branching fractions and the "flat term" in the angular distribution of the differential decay rate and compares to experiment and other calculations where available.
Preliminary results for other decays
The setup and simulation outlined in Sec. 1.1 and analysis steps of Secs. 1.2 and 1.3 are similar to those used in our ongoing studies of other B and B s semileptonic decays. In this section we discuss these efforts, including specific plans for each decay, and show preliminary results.
2.1 B s → K ν and B s → η s B s → K ν is expected to be measured by LHCb and/or BelleII and offers a prediction opportunity for lattice QCD. We know of no existing lattice results but note another effort is currently underway [6] . Combined with experimental results, a lattice calculation of the form factors for this decay provides an alternative to B → π ν for the exclusive determination of |V ub |. The presence of a heavier spectator quark makes the lattice calculation simpler.
We plan to calculate ratios of form factors for B s → K ν with those for the fictitious, lattice convenient process B s → η s . Combination with a future calculation of B s → η s using HISQ b quarks should give B s → K ν form factors with essentially no matching error, e.g., More importantly, combining lattice values of f B s →K (q 2 max ) using NRQCD b quarks will yield a nonperturbative determination of the matching factor for the b → u current, applicable to B → π ν. Preliminary results for B s → K ν and B s → η s are shown in Fig. 3 . To include correlations in the ratio of Eq. (2.1) we are developing new fitting methods capable of simultaneously fitting large amounts of correlated data.
B → D ν and B s → D s ν
These processes allow exclusive determinations of |V cb |. BelleII expectations [20] suggest they will not likely be competitive with the precision currently achievable in B → D * ν, but they would provide important input to help sort out the discrepancy between inclusive and exclusive determinations. Furthermore, the ratios
provide a useful to constraint on new physics [21] and can be used in the determination of B(B s → µ µ) expt. [22] , respectively. Preliminary results on two fine ensembles are shown in Fig. 4 . Other lattice works underway include [23, 24] .
B → π ν and B → π
The SM tree-level decay B → π ν provides the "standard" exclusive determination of |V ub |. The lattice contribution to |V ub | introduces an (8 − 9)% error [25], while experimental input has a 4% error that is expected to halve in 5 years. We are improving upon HPQCD's previous effort [26] by incorporating b quark smearing, HISQ light valence quarks with random wall sources, improved scale determination and quark mass tuning, advances in correlator fitting methods, and the kinematic z expansion.
The rare decay B → π , which precedes via b → d FCNC, has been observed for the first time in [27] and future improvements are expected. As with B → K we accommodate generic new physics by calculating the scalar, vector, and tensor form factors. Fig. 5 shows preliminary results, including a chiral-continuum and kinematic extrapolation via the modified z expansion. Based on these preliminary results we have increased statistics and added momentum Lp K/2π = 200 for select ensembles.
Next steps
We are developing correlator fitting methods for simultaneous fits to large correlated data sets (ie. those involved in ratios). To better accommodate simulation data at energies 1 GeV, we are considering hard pion chiral perturbation theory [28] and studying the effectiveness of the modified z expansion.
